SRISHAIL LAXMAN CHAVAN, KLUBER
LUBRICATION, INDIA, ADDRESSES THE ISSUE
OF WEAR PROTECTION IN TOOTH FLANKS
THROUGH SMART LUBRICANT DESIGN.
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pen gears are subjected to operating

conditions that can lead to excessive

wear and tooth flank damage. Lubricant

manufacturers address the issue of wear
protection through proper lubricant design. Lubricants
with high base oil viscosity, high adhesion and special

additives form a protective layer and prevent direct
metal-to-metal contact.

For ensuring the continuous operation of a cement
plant, reliability of the open gear drives is of utmost
importance. Open gear drives are the key component
of rotary kiln and ball mills. Open gears are subjected




134

Large gear drives are exposed to highly varied loads
and different operating conditions.

Drives should be inspected regularly, e.g. with an
infrared thermometer.

to varied operating conditions like vibrations, dusty
environment, high varying loads, speeds, operating
parameters and others. Furthermore, pinion and gear
rim have to be aligned during assembly and their axes
are often not 100% parallel, which makes the operating
conditions even more difficult. This often leads to
excessive wear and tooth flank damage. The application
requirements become more demanding for large open
gear drives which are exposed to high temperatures,
high loads etc.

Speciality lubricant manufacturers such as Kltiber
Lubrication have addressed the issue of wear protection
in tooth flanks through smart lubricant design. Lubricants
with high base oil viscosity, high adhesion and special
additives form a protective layer on the tooth flanks and
prevent direct metal-to-metal contact. This ensures that
there is no scuffing, no pitting and no other forms of
wear. The molecular bonding within the lubricant ensures
uniform load distribution resulting in vibration and
temperature reductions across the tooth flank.

The right lubricant for each operational stage
Due to their design, large open gear drives are
exposed to highly varied loads and different operating
conditions during their service life, from assembly to
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permanent operation under full load condition. The
right type of lubricant has to be used during different
operational stages:

1. Priming and pre-start lubrication: Here the
lubricant helps to protect the teeth against
corrosion during transportation and storage.
During commissioning of the drive, they keep
the gears lubricated and prevent metallic contact
between the tooth flanks, e.g. when the machine
has to be rotated during the assembly procedure.
This helps to avoid initial damage due to dry
running, which might give rise to flank damage
during operation later.

2. Running-in lubricant: Running-in lubricants are
specifically used for the running-in of new or
turned gear drives. They ensure that rough surfaces
are smoothed quickly and that the contact ratio of
the tooth flanks is improved. Due to their special
additives they cause a controlled minimum of
chemical/corrosive low wear at the tooth flanks.

3. Operational lubricant: The transition to operational
lubrication is generally made when the running-in
process has been completed, i.e. when the tooth
flank surface has reached its maximum smoothness
and when a contact ratio of at least 80% has been
attained. A lubricant with the right viscosity has
to be selected based on operating temperatures,
ambient temperatures, climatic conditions and
type of lubrication system. Modern-day operational
lubricants are transparent and free from solid
lubricants like graphite. They are easy to handle,
gears and pinion are easier to inspect, clean and the
disposal of used and old lubricant is less problematic.

4. Repair and correction lubricant: Tooth flank surfaces
damaged during operation were in the past
repaired exclusively by highly abrasive mechanical
methods such as grinding and milling, often quite
ineffectively. Today tooth damage is frequently
repaired by means of repair lubricants. These repair
lubricants have grease-like texture and subject
the metallic surfaces to mechanical, chemical and
corrosive wear. Thus a small amount of lubricant is
required to remove just the right amount of tooth
flank deformation within a short period of time.

5. Reasons for open gear failures can be attributed
to the material composition of gears, design and
operating conditions of the plant and lubricants.
Considerable improvement has been made in the
design and construction of open gears. Decisions
on material and construction are taken during the
design stage. During operation, plant maintenance
can select suitable lubricants that minimise failures
like scuffing, pitting, micro-pitting and overheating,
thus improving the wear behaviour of tooth flanks.

What to consider when selecting lubricants

A suitable lubricant can reduce open gear failures. A

few points to be considered when selecting a lubricant

are:

1. Type of lubrication system: Depending on whether
a gear drive is fitted with a dip-type or spray-type
or circulation-type lubrication system, the choice



of lubricant also changes considerably. If the
gear drive is fitted with a dip-type lubrication
system, then the use of a graphite-based open
gear lubricant can be a less than optimal
solution. Solid lubricants may settle down in
the tank and hence no emergency lubrication

is provided to tooth flanks. On the other hand,
transparent open gear lubricants, free from
graphite, can provide the best possible solution
to the problem. Modern-day plants are fitted
with total loss/spray-type lubrication systems.
The risk of contamination is reduced and fresh
clean lubricant is delivered to the tooth flanks.
Transparent lubricants free from solid lubricants
will not clog the nozzles and hence improve the
reliability of the system.

Depending on the climatic conditions, it is
recommended to select an open gear lubricant
that provides optimum viscosity at any given
operating temperature. Tooth flank temperatures
can vary from 35°C to 60°C. While higher viscosity
is generally preferred, under cold climatic
conditions the viscosity of lubricants may further
increase and pose problems in pumping the
lubricant in spray-type lubrication systems.

The load carrying and the antiwear behaviour of
the lubricant is tested on the FZG gear test rig.
The lubricant should meet today’s gear lubricant
requirements, i.e. a load stage of at least 12
(greater than or equal to 1841 N/mm?) at a specific
weight loss of under 0.2 mg/kWh. Since carrying
out this test for each batch of lubricant would be
costly and time consuming, lubricant suppliers do
not test every batch of lubricant produced. Special
open gear lubricants are manufactured by means
of batch production in special kettles. The chances
of variation in quality parameters are high. Hence,
it is all the more important to choose a lubricant
supplier with a sound production system and
reputation. This will help to avoid unpleasant
surprises in form of low-quality lubricants being
used in the machinery.

In automatic spray lubrication systems, the
lubricant volumes are exclusively determined by
the requirement of the drive and are independent
of the spray system used. The size of the contact
area to be lubricated (single pinion or double
pinion drive), the size of the drive unit (diameter
and width) and the peripheral speed (rpm) tell
us how much lubricant is required. In many
cases, due to lack of knowledge, the drives

are over-lubricated, hoping this will improve

the reliability of the drive. But beyond certain
quantities, over-lubrication will only increase the
cost, without adding any value.

Checking the spray pattern in an automatic spray
system can save the drive from costly failures.

In automatic spray lubrication systems, a set

of nozzles is used to distribute the lubricant
evenly over the entire height and width of

the tooth flanks. An important factor in terms

of operational reliability is periodic checks

of the spray pattern. Graphite-based open
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gear lubricants show a tendency to clog the
nozzles. The alignment angles of nozzles can
also be tampered with for reasons outside drive
operation. If an area of the tooth flanks remains
starved of lubricants, it will be damaged rapidly,
due to metal-to-metal contact. Hence it is good
practice to use transparent lubricants and check
the spray patterns at regular intervals.

Monitoring tooth flank condition for wear: The drive
should be inspected regularly to detect any tooth
flank damage and prevent deterioration. Measuring
tooth flank temperature during operation under
load with an infrared thermometer and stroboscope
has proven effective for detecting uneven load
distribution on the tooth flanks. A temperature
difference of 5°C, measured over the entire tooth
flank width from face to face, indicates uneven load
distribution, which may require realignment of the
gears or some other correction. To prevent drive
damage and avoid malfunctions it is recommended
to inspect gear drives at regular intervals and to
document the actual condition of the load carrying
tooth flanks by means of digital photography. By
comparing and analysing the documents, a general
overview of the wear condition of the tooth flanks is
obtained and appropriate measures can be initiated
if any damage is found.

Technical documentation and analysis: Inspections
of gear drives during operating include activities
like measurement of pinion bearing vibration and

tooth flank temperatures, photo documentation
of the tooth flank surfaces, spray pattern checking,
visual inspection of the tooth flanks by means of
stroboscope and analysis. Expertise is needed to
carefully interpret the vibration and temperature
readings and co-relating them with visual
observation results of the tooth flank conditions.
Preventive measures can be accordingly planned
to prevent any unplanned shutdown. These
observations can also highlight the opportunity
for cost savings, e.g. by optimisation of lubricant
consumption in a spray-type system. A proper
feedback can only be provided by a lubricant
specialist of open gear drives. A trained person
can do the inspection and co-relate the various
readings and arrive at a proper action plan. This
type of activity calls for close coordination between
the maintenance engineer at the plant, the OEM
engineer and the speciality lubrication engineer.
This will generate real value to cement plant
maintenance and reduce open gear failures.

The factors mentioned above, if considered carefully,
will reduce open gear failures and improve the reliability
of plant operation. In conclusion, it is therefore always
worthwhile for operators to consult with a tribology
expert such as Kluber Lubrication. These specialists have
the comprehensive expertise required and can actively
assist operators in their activities from the planning
stage to the actual operation. @
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